We developed a hybrid solar system using several mirrored surfaces focusing (with an one-axis concentration) the solar radiation on an absorber in view to reach a fluid temperature around 150°C. The objective of this work is to determine the optimal position of the absorber-receiver for a maximal heat production: the height above ground and the width of the absorber for a given distance between the receiver and the mirror structure. The precision on the rotating angle for the mirror is also calculated. We obtained an optimal absorber height above the ground of 66 cm, a width of the absorber of 15 cm and a precision of the rotating angle of 0.1°.
Introduction
Collecting the solar energy, which has relatively low density, is one of the main engineering tasks in solar thermal power plant development. These systems can use only direct radiation, and not the diffuse part of sunlight because this cannot be concentrated (Descartes' law is not applicable). Line focusing systems are easier to handle, but have a lower concentration factor and hence achieve lower temperatures than point focusing systems. More information on concentrating solar systems is available in [1] . We developed a small scaled solar thermal concentrating system (STCS) for producing hot water at about 150°C for example sterilization and purifications purposes. A second application of this new system is to produce electricity via photovoltaic modules pasted on the rear side of the mirrored blades but this topic should be left out from the scope of this paper.
Presentation of the solar system
The STCS is presented in Figures 1, 2 and 3 , it comprises: a fixed structure (tilted of 60°) of 4 units of 16 movable blades (mirror face/PV face), each blade is 2.42 m long and 0.1 m wide i.e. a total reflecting surface of 15.49 m² and 4 serial or parallel connected absorbers of 1.95 m long and 0.15 m wide) i.e an absorbing area of 1.17 m². Thus the geometrical concentration rate C is 13.4 [2] . On one face of the blade is a mirror and on the other one is pasted m-Si PV modules. The blades focus the solar rays on the absorber (mirrored face for thermal mode) or track the sun (PV face for electrical mode). Each blade is position controlled independently by geared motors driven by an electronic command control calculating the angle of each blade (for heat or electricity mode).
The absorber uses an anti-radiative structure for better absorption of the reflected solar radiation [3] . 
Position of the sun
The apparent motion of the sun seen by a fixed observer situated at the latitude Φ in the north hemisphere is shown in Figure 7 [5] . The solar altitude h is the sun's angular height above the observer's celestial horizon. The solar azimuth Ψ is the angle between the plane of the observer meridian and the plane of a great circle passing through zenith and the sun (Ψ <0 the morning and Ψ>0 the afternoon)-. The hour angle ω is the angle measured at the celestial pole between the observer's meridian and the solar meridian (counting from midday). The blades being tilted from horizontal, it is necessary to know the sun position for a tilted surface.
For a given geographical position, the solar altitude h is given by :
cos cos cos sin sin h sin (1) and the azimuth angle is given by [5] :
The hour angle ω is ( )
where t is the true solar time in hour. Figure 8 shows an inclined surface where β is the slope of the surface from horizontal position, γ is the surface azimuth angle (in our case nul) and θ0 is the incidence angle of the sun . Figure 9 . Definition of the angles h p and Ψ p As shown in Figure 10 , if the reflected radiation must focus on the absorber, the angle β of the mirror must verify the Descartes 'law i.e.:
where h m is the difference of the angular height between the mirror and the absorber (see Figure 10) .
with H 1 is the height of the absorber above ground, H 2 is the height of the centre of the mirror and D the horizontal distance between the mirror and the absorber. 
Optimisation of the height above ground of the absorber
We must compute the optimal height of the absorber above the ground H 1 . To do it, we will calculate the annual solar energy received on the absorber for various height of the absorber (the calculation is realized by integration of minute data) and we will retain the optimal value. This calculation is performed considering that the solar radiation incident on the mirrors is the extraterrestrial one, thus the attenuation of the solar radiation by the atmosphere is not taken into account. In fact, we don't look for the real solar energy value on the absorber but the maximum value impacted only by the sun position. The absorber is considered as a black body and the mirror is taken as perfect.
The solar power φ (W) received by the mirror is given by:
This power should be the power absorbed by the absorber if all the reflected radiation should be absorbed. But, during the focalisation, the surface of the solar spot on the absorber is not the mirror surface; due to the Mirror Absorber modification of the sun azimuth, this solar spot moves from East to West and vice-versa; thus, at each time, on the one hand a part of the solar irradiance reflected by the mirror will not reach the absorber (for example, the morning the Western edge of the absorber) and on the other hand, a part of the absorber is not illuminated by the reflected radiation (the morning the Eastern edge). Furthermore, the absorber is constituted of 4 parts shorter than a mirror length and between each absorber, there is an empty space due to the connexion of the tubes. Thus, only a part of the reflected radiation is only absorbed such as:
where F is the fraction of the reflected solar power which is absorbed. The usable absorbing surface area S usa must be calculated at each time and for each mirrored blade by:
with W m the width of the mirror (10 cm) and usa L and m L respectively the usable absorber length and the 4 mirrors length (968 cm). lost L is the length lost for the absorption of the reflected radiation due to the empty space between absorber and the effect of the azimuth deviation calculated by : is the length without absorber on which the reflected solar radiation focus. The equation (10) does not take into account the shadow of the absorber onto the mirror. In a first step, we calculate the characteristics of the shadows cast by the absorber on the total structure of the mirrors ( abs β is the inclination of the absorber from the vertical; abs β is taken here equal to -5° from the vertical in view to allow the draining of rainwater. This angle was not optimized because we chose to use an anti-radiative structure for the absorber and we can consider that whatever the angle of solar reflection is, the absorption coefficient is the same.
The size and the position of the shadows cast by the absorber being known, we determine by the position and the size of the shadow on each mirror. Then, this shadowed surface is subtracted from the surface of the mirror at each time.
The solar power calculated each minute is then integrated on the year in view to obtain the annual absorbed solar irradiation. Figure 1 shows the variation of this annual energy for various absorber heights above the ground level with or without the shadow effect of the boiler on the mirrors. Figure 11 . Determination of the optimal height of the boiler above the ground level
We note that the optimal value of the height is 140 cm in taking into account the shadow but the absorbed energy varies slightly between 60 and 180 cm. It is easier to install an absorber as close as possible to the ground for various reasons: reduced cost of material, best resistance to the wind speed, shorter length of the tube reducing cost and hydraulic losses. Thus, we chose to install our boiler at 66 cm above the ground.
Calculation of the solar spot width on the absorber
The objective in this paragraph is to calculate the optimal size of the absorber which is related to the maximum width of the solar spot incident on the absorber. The angle of the mirror being determined for each sun position and the height of the absorber above the ground being optimized, it is necessary to compute the width of the solar spot onto the absorber L a i.e. the distance between the two reflected solar rays by the two extremities of the mirror. This distance L a is calculated by:
with W m is the width of the mirror (10 cm). We calculated L a for each time during the year and for each of the 16 mirrors. The maximum value of La according to the mirror number for each day is stored (see Figure 12 ) and the maximum width for the year is calculated. We obtained for our latitude 41.92° North, a minimum and maximum daily value of the maximum width respectively equal to 10.4 cm and 11.4 cm.
The positioning of the mirror is realized by geared motors driven by an electronic command control calculating the angle of each blade. It is impossible to correct the mirror position at each time (for energy and economic reasons). For determining the real absorber width (>11cm), we must know by how much the solar spot moves as a function of the precision and the step on the motor. This calculation is performed for the blade situated furthest from the absorber (the highest mirror) as seen in Figure 13 . As seen previously the maximum width of the solar spot is 11 cm; thus, the absorber must be larger than 11 cm; as we decided than the absorber must not be larger than 15 cm, we can authorize a maximum deviation of the solar spot equal to 1 cm on both sides.
We present in Table 1 the results of our calculation (for a solar spot deviation of 1 cm) for the highest mirror because it creates the greatest displacement of the solar spot and for the summer solstice because it the most unfavourable case during the year. Table 1 Angle variation β ∆ of the mirror for a displacement of 1 cm of the solar spot. The mirror 1 is the lowest mirror.
We note that the minor variation on the mirror angle is 0.1°. This calculation allows us to size the geared motor used for the system: we will implement geared motor with a precision of 0.1° i.e. a minimum reduction of 1/3600.
Control and possible uses
Thanks to its many control possibilities, this system is able to produce energy at a constant temperature to power various loads. The temperature level reached allows making need heat but also to do cooling production. 
Conclusion
In this paper, we presented a hybrid solar system using several mirrored surfaces focusing (with an one-axis concentration) the solar radiation on an absorber in view to reach a fluid temperature around 150°C.
We determined from geometrical calculations the optimal position of the absorber-receiver for a maximal heat production: the height above ground and the width of the absorber for a given distance between the receiver and the mirror structure. The results obtained are:
-optimal absorber height above the ground : 66 cm -width of the absorber : 15 cm The precision on the rotating angle for the mirror is also calculated and we obtained a precision of 0.1° i.e. a minimum reduction of 1/3600.
